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Highlights 
• AGB stocks of terra firme and flooded forests depend on the number of 
large trees 
• Tree species diversity is not correlated to AGB in seasonally flooded 
forests 
• Conservation of seed disperser animals enhances the conservation of 
AGB stocks
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Abstract 
The conservation of tropical forests has become an important mechanism for 
the mitigation of the negative effects of climate change. Countries located in 
the Neotropical region, Central and South America, are aiming to understand 
the drivers of carbon stocks of their forests to build a better capacity for forest 
management. In this study, we calculated Above Ground Biomass – AGB 
stocks for 32 (1ha) vegetation plots of forests classified as terra firme and 
seasonally flooded, and evaluated the effect of basin location, structural and 
environmental variables on the magnitude of AGB stocks. We report that 
variation among river basins results from the effects of fragmentation and soil 
fertility. The most important variable, determining the magnitude of AGB 
stocks in lowland forests in the region is the number of large trees per 
hectare. Seasonally flooded forests should be studied and managed 
separately from terra firme forests as these behave differently in the 
relationship between tree species diversity and AGB stocks. We found that 
the proportions of endozoochoric and synzoochoric tree species are important 
variables for the magnitude of AGB stocks in these forests. We present the 
first account on the drivers of AGB stocks in Northwestern South America and 
show that environmental characteristics of forests, such as flooding and 
fragmentation should be taking in to account to determine the variation on 
AGB stocks among forests in this region. 
Keywords: várzea, igapó, Colombia, Orinoco, Magdalena, Amazon
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1. Introduction 1 
Avoided deforestation programs for carbon trade markets, such as the 2 
United Nations´ Reduced Emissions from Degradation and Deforestation – 3 
REDD, are key in the conservation of tropical forests, as it has been proposed 4 
for the conservation of the Amazon forest (Gullison et al., 2007; Nepstad et 5 
al., 2009; Soares et al., 2010). For this reason, it is important for tropical 6 
countries to investigate and understand the drivers of the carbon cycle in their 7 
forests. Aboveground biomass – AGB stocks in tropical forests account for 8 
23% of the carbon accumulated in forests around the world, thus these are 9 
considered as carbon sinks (Meister et al., 2012). Within tropical forests, the 10 
highest estimates of AGB stocks are found in the Neotropics (Baccini et al., 11 
2012; Nogueira et al., 2015; Saatchi et al., 2011), here defined based on the 12 
revision by Morrone (2002): tropical South America, Central America, south-13 
central Mexico, the West Indies, and southern Florida. However, biomass 14 
stocks can be highly variable and accurate estimates of AGB stocks. ABG 15 
estimations based on field measurements are still missing, especially in 16 
Northwestern South America, where studies have been overall scarce 17 
(Phillips et al., 2016). 18 
Sources of variation in biomass stocks in the Neotropics include: forest 19 
structural characteristics, local species diversity and environmental conditions. 20 
For example, Slik et al. (2013) revealed that biomass of moist tropical forests 21 
is determined mostly by the density of large trees (>70cm DBH), leading to 22 
the assumption that forests under some kinds of disturbance (logged, flooded 23 
or fragmented) would hold less biomass than undisturbed forests. AGB in 24 
undisturbed mature forests across a latitudinal gradient in the Neotropics 25 
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shows a strong positive correlation with species diversity (Poorter et al., 26 
2015); nevertheless, in the former study, the lack of field measurements from 27 
Northwest South America is evident.  28 
In the Amazon basin AGB stocks are partly determined by edaphic and 29 
climatic conditions (Hawes et al., 2012; Quesada et al., 2012). In this region, 30 
environmental filtering in seasonally flooded forests shapes the community 31 
composition acting in favor of some functional traits, such as high wood 32 
density which has an effect on AGB (Fortunel et al., 2014). Additionally, 33 
recent studies on the effect of defaunation in tropical forests have found, at 34 
least for the Neotropics, a strong correlation between animal dispersal 35 
systems, based on morphological characteristics of the seeds, and AGB 36 
stocks: tree species dispersed by animals, which are abundant in these 37 
forests, tend to hold more biomass than tree species with other dispersal 38 
systems, because their wood is usually denser (Bello et al., 2015; Osuri et al., 39 
2016; Peres et al., 2016). This is explained by a trade-off for old-growth 40 
shade-tolerant species with high wood density to have larger seeds and thus 41 
relay on animal dispersal (Rüger et al., 2012; Ter Steege et al., 2006). 42 
Although previous research in the Neotropics on AGB usually lacks 43 
information from Northwestern South America, some researchers have 44 
reported estimations of carbon stocks in some of these, particularly for natural 45 
forests (Alvarez et al., 2012; Phillips et al., 2016, 2011; Sierra et al., 2007). 46 
Nevertheless, to date only few studies have tried to explore which factors 47 
explain the differences in AGB stocks; Alvarez et al. (2016) report that water 48 
availability plays a major role in shaping these differences. Armenteras et al., 49 
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2015, report that places with high animal diversity do not always hold the 50 
highest AGB stocks. 51 
Through this study we aim to explore the patterns in AGB stocks for 52 
lowland forests of Northern South America. Specifically, we want to evaluate if 53 
there is variation associated to biogeographical regions (Magdalena, Orinoco, 54 
Amazon basins) and disturbances such as flooding. Regarding geographic 55 
regions, we hypothesize that forests of the Amazon basin, which are the least 56 
affected by human presence, should have: a greater proportion of large trees, 57 
higher species diversity, higher proportion of animal dispersed seeds, and 58 
thus higher AGB stocks. On the other hand, regarding flooding, we 59 
hypothesize that seasonally flooded forests should have: less species 60 
diversity, smaller proportion of large trees due to pressures that limit tree size 61 
(hydric stress), and a higher proportion of species dispersed by water 62 
(flooding), and thus AGB stocks in these forests should be low compared to 63 
continuous terra firme forests. 64 
To test our hypothesis, we used information from 32 (1-ha) vegetation 65 
plots distributed along Northwestern South America. The dataset includes 66 
plots in terra firme and seasonally-flooded forests; some of the forests in this 67 
study have been subject to anthropogenic fragmentation and some are 68 
naturally fragmented gallery forests in the Orinoco savannas (as far back as 69 
can be established; Etter, 2013; Etter et al., 2006).  70 
Our findings are of great importance to forest managers as they give 71 
more insight on the factors that can affect the amount of carbon accumulated 72 
in different forest types of the Neotropics. 73 
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2. Materials and Methods 74 
Study system 75 
A total of thirty-two 1ha plots were established in lowland forests in 76 
seven different localities, in the three major river basins in Colombia: Amazon, 77 
Magdalena and Orinoco (  78 
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 79 
 80 
Fig.). The Amazon basin extends for 7,989,004km2 in South America, it 81 
covers territories of Bolivia, Brazil, Colombia, Ecuador, French Guyana, 82 
Guyana, Peru, Suriname and Venezuela; 6.6% of this area is located within 83 
the political boundaries of Colombia, most of which remains unaltered by 84 
human impacts (Gutiérrez et al., 2004). The Magdalena river basin extends 85 
for an area of 257,000 km2, all of which belongs to Colombia (Rodríguez and 86 
Armenteras, 2005), this region has been the most populated, and thus, the 87 
most deforested region in the country. During the last four decades large 88 
extension of continuous forest have been replaced by vast pastures for cattle 89 
ranching and small forest patches (Andres Etter et al., 2006). The total 90 
extension of the Orinoco river basin is 991,587 km2, of which 35% extends 91 
through Colombia and the remaining 65% through Venezuela (Romero Ruíz 92 
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et al., 2004). The western Orinoco river basin is composed by a matrix of 93 
diverse ecosystems (Romero Ruíz et al., 2004) which include forests 94 
fragments of the foothills of the Andes, gallery forests in a savanna matrix and 95 
seasonally flooded forests, all of the former included in our study system.  96 
These plots were established during the period of 2000 to 2012 for 97 
different research purposes (Aldana et al., 2008; Cano and Stevenson, 2008; 98 
Correa-Gómez and Stevenson, 2010; Stevenson et al., 2004; Stevenson and 99 
Aldana, 2008; Umaña et al., 2012). For this research, lots were classified as 100 
terra firme (22) if they were never flooded during a 20-year period. Seasonally 101 
flooded forests plots (10) varied in the intensity and frequency of the flood. If a 102 
plot was classified as flooded, we calculated a flooding index as the average 103 
between flooding intensity (number of months submerged in a year) and 104 
flooding frequency (number of times it was detected as flooded in a 20-year 105 
period). Each researcher in the field estimated flooding intensity; flooding 106 
frequency was established using information provided by Quiñones-107 
Fernandez et al., (2015). We also classified flooded forests as either igapó or 108 
várzea depending on the type of river that inundated them (Prance, 1989). 109 
Field data collection 110 
We sampled all woody stems with DBH > 10 cm and identified them to 111 
species in the field when possible. When determinations were not possible, 112 
we collected voucher specimens to compare them with reference herbarium 113 
collections (ANDES, COL, COAH). In cases were species determination was 114 
not possible we assigned them to morphospecies. From a total database of 115 
17,451 stems contained in the plots, we identified 1,428 taxonomic units: 116 
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1,109 species and 319 morphospecies. All species were determined by PRS, 117 
to ensure a high level of taxonomic homogeneity within plots.  118 
In the field, tree height was measured using a laser clinometer 119 
following the RAINFOR protocol (Phillips and Baker, 2015), measuring at 120 
least 10 individuals of each of eight DBH categories in 16 plots, of the Orinoco 121 
and Magdalena Basin. This resulted in direct height measurements for 36% 122 
stems of the complete dataset; these measurements were used to calculate 123 
average stem height for all the stems in the dataset (32 plots) using the same 124 
eight DBH categories.  125 
In some of the sites (within 16 plots and their surrounding forests), of 126 
terra firme and seasonally flooded forests of the Orinoco and Magdalena 127 
basins, we collected wood cores, from 366 tree species, which were usually 128 
the most abundant within each of the plots, to estimate wood density (Casas-129 
Caro et al., 2016) following the protocol recommended for CTFS sites (Chave, 130 
2005), wood density was calculated as wood specific gravity, a measurement 131 
which does not have units, following the recommendations from Williamson 132 
and Wiemann (2010). 133 
In twenty-five of the plots (17 terra firme and 8 seasonally flooded), 134 
located in the three basins, we collected 25 samples of topsoil (in 20 x 20 m 135 
subplots) and analyzed it to obtain soil texture (% of clay, sand and silt) and 136 
pH.  137 
Indirect measurements 138 
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To have an estimate of the degree of fragmentation (human or natural), 139 
for each plot we estimated forest cover percentage in a 5km radius around the 140 
plot using satellite images and a measurement tool provided by Google Earth 141 
Pro. If forest cover was less than 40% forest plots were categorized as 142 
fragmented. Stems with DBH > 70 cm were classified as large trees and 143 
counted for each plot (Slik et al., 2013). 144 
Dispersal modes or systems have been classified in terms of fruit and 145 
seed morphology and represent valuable approximations to the major 146 
mechanism of seed dispersal and forest dynamics. Dispersal systems can be 147 
classified as animal (endozoochory, synzoochory, myrmecochory), abiotic 148 
(wind and water dispersal), autochory (explosive dehiscence), and unassisted 149 
(Correa et al., 2015). Although this classification represents a gross 150 
approximation to the main dispersal agents (i.e. do not take into account when 151 
a fleshy fruited species is predominantly dispersed by birds, bats or primates), 152 
it avoids differences in dispersal outcomes that could be caused by the 153 
abundance of frugivores in the environment (Stevenson et al., 2015) and 154 
determinations can be made for each species based on fruit morphology (in 155 
the field, through literature search, or from herbarium specimens).  The 156 
assignment of seed dispersal systems was based on a previous study 157 
(Correa-Gómez et al., 2013; Correa et al., 2015) per basic morphological 158 
traits (Table 1). 159 
 160 
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Very few individuals in our database were classified as 161 
Myrmechocorous (15) and Unassisted (5), thus these two categories were 162 
excluded from the analysis of variance and the resulting plots. 163 
Biomass Estimations 164 
We calculated AGB for each individual tree (15,778 stems; 1,312 165 
taxonomic units) using the type I allometric equation for moist forests 166 
proposed by Alvarez et al. (2012), this equation uses information on wood 167 
density, DBH and tree height. For wood density, we used the data gathered 168 
from our field measurements (Casas-Caro et al., 2016) and extrapolated it to 169 
36% of the tree species in our dataset. Wood density values for tree species 170 
which we did not measure was retrieved from the information on Neotropical 171 
Taxa data base (Zanne et al., 2009). Unidentified morphospecies were 172 
assigned values as genus and family averages calculated from the 173 
Neotropical Taxa data base (Zanne et al., 2009). A total of 62% of our tree 174 
wood density estimates were gathered from the literature. Taxonomic units 175 
(2%) with no family identification were assigned wood density values as the 176 
plot average. Biomass estimations for woody life forms that are not trees, 177 
were calculated using different allometric equations, looking to minimize 178 
errors (Table 2). To estimate total AGB for each plot we summed all 179 
estimations from the individuals and converted the total to Mg per hectare. 180 
Data analysis 181 
Differences in biomass stocks between forest types and river basins, 182 
as well as differences in wood density between dispersal systems, and 183 
differences in average stem diameter and dispersal systems were calculated 184 
using analyses of variance – ANOVA, in the freely available software R (R 185 
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Development Core Team, 2008). Estimations of groups with different means 186 
were done with a HSD post hoc test using the package agricolae for R (De 187 
Mendiburu, 2014). Simple correlations between variables were evaluated 188 
using a Pearson correlation test. 189 
We adjusted a linear model in which the AGB of each plot is explained 190 
in terms of the percentages of each dispersal system, to evaluate the degree 191 
in which the proportion of individuals belonging to species of different 192 
dispersal systems influences ABG stocks. In this analysis, we excluded 193 
individuals from species for which the dispersal system was unknown (11% of 194 
our database). Precisely the model fit (in R) was: 195 
AGB ~ % Anemochry + % Endozoochory + % Hydrochory + % Explosive dehiscence 196 
+ % Synzoochory + % Myrmechochory + % Unassisted – 1 197 
with the -1 accounting for the fact that the percentages add to 100, so adding 198 
a constant term (which R always does for linear modeling) would be 199 
redundant and could possibly lead to multicollinearity of the model. 200 
The combined effect of environmental and structural parameters on 201 
biomass stocks was established using an equation model with the Structural 202 
Equation Modeling- SEM package for R lavaan (Rosseel, 2012). For the 203 
equation, we established a model in which AGB in each plot is defined by: the 204 
number of large trees, the number of stems, species richness and wood 205 
specific gravity calculated as the community weighted mean (Lavorel et al., 206 
2008). These variables, in our model, are defined by the environmental 207 
variables: flooding index, forest cover percentage, soil physical characteristics 208 
(% clay and pH) and dispersal systems (% Endozoochoric and Synzoochoric 209 
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stems). This analysis was performed with information from the 25 of the 32 210 
forest plots for which we had soil samples (8 seasonally flooded and 17 terra 211 
firme).  212 
3. Results 213 
We found that the magnitude of AGB stocks differs between regions (river 214 
basins) and forest types within our study system. We report a summary of the 215 
main results and variables for all plots in Table 3.  216 
When examining the differences in AGB stocks among river basins we 217 
find that forests in the Orinoco river basin tend to have lower biomass stocks 218 
than the Magdalena and Amazon forests (ANOVA, F= 8.11, p<0.05). This 219 
maybe the result of the large number of plots categorized as fragmented in 220 
this region (Table 3). Biomass stocks also vary greatly within forests types in 221 
Northwestern South America: the forest type with the highest AGB stocks was 222 
the várzea forest; this was also the forest type with the greatest variation 223 
within. Forest cover around the plots seems to have a negative effect on AGB 224 
stocks among terra firme forests (Fig.). We did not evaluate the two effects 225 
with a tow-way ANOVA because, as can be seen in Table 3 the samples are 226 
not balanced within regions and between forest types. 227 
Biomass variation and Structural Variables 228 
Following the idea proposed by Slik et al. (2013), we explored the relationship 229 
between the number of large trees in each plot and the calculated ABG, this 230 
resulted in a strong positive correlation (rp = 0.88, t= 10.13, p<0.05). We also 231 
found that most plots with the highest proportion of large trees (DBH> 70cm) 232 
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are várzea forests. There is no clear trend for the number of large trees and 233 
the region that forests belong to or the species richness in each plot (Fig.). 234 
We tested the correlation between species richness and AGB (Poorter et al., 235 
2015) in our database. When all plots (total) are included in the analysis the 236 
correlation is weak and not significant (Fig.); but if seasonally flooded forests 237 
(10) are excluded from the analysis the correlation becomes stronger and 238 
significant (rp = 0.74, t= 4.91, p<0.05). 239 
Biomass and dispersal systems 240 
We tested the effect of dispersal systems on variation in AGB in an 241 
independent analysis (see methods), including all plots. We found that the 242 
proportion of individuals of endozoochoric species is very important in 243 
explaining the variation in AGB (t=4.83, p<0.001), followed by the proportion 244 
of explosive dehiscence (t=3.02, p<0.01), anemochory (t=2.52, p<0.01), and 245 
synzoochory (t=2.14, p<0.05). Detailed information on the proportions of 246 
dispersal systems for each plot can be found in Table A.1. Given this result, 247 
we decided to explore the relationship of dispersal systems to AGB variables 248 
such as wood density and DBH (Fig.). When evaluating the differences in 249 
wood specific gravity for dispersal systems we found that synzoochorous 250 
plants showed the highest wood density (wood specific gravity) values than 251 
other dispersal systems (ANOVA, F= 9.501, p < 0.001). When examining the 252 
distribution of DBH sizes of trees related to dispersal systems we find that 253 
anemochorous tree species tend to be larger than trees classified as other 254 
dispersal systems (ANOVA, F= 6.705, p < 0.001). The scatterplot allows for 255 
the observation that most of the stems in these forests belong to 256 
endozoochous species and that most belong to small classes of DBH. 257 
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Biomass variation with structural and environmental variables 258 
When we tested our model for AGB stocks including 25 of the plots for which 259 
we had soil analysis, we found that the number of large trees is still the most 260 
important variable explaining the variation in AGB stocks (Fig. ). In turn, pH, 261 
soil texture (% clay) and forest cover are important variables explaining the 262 
number of large trees in a plot. Stem density and wood specific gravity are 263 
also correlated to AGB stocks on a lesser extent.  264 
Contrary to what we found with the previous analysis, in this model species 265 
richness, does not seem to affect AGB. However, forest cover, as expected, is 266 
strongly correlated to species richness, another variable affecting species 267 
richness is the flooding index.  268 
Given the importance of dispersal systems in the previous analysis, we 269 
included the proportion of endozoochoric and synzoochoric species within this 270 
model, expecting those variables to influence directly on AGB and wood 271 
density. Nevertheless, the effect of the dispersal systems directly on AGB 272 
stocks was diluted. We did find that the proportion of trees of synzoochoric 273 
species has some effect on the community weighted mean for wood density, 274 
confirming our results from the previous analysis on dispersal systems and 275 
wood density (Fig.). 276 
The path analysis shows that the proportion of endozoochorous stems has a 277 
negative covariation with flooding index and forest cover. Covariance with the 278 
flooding index (i.e. higher proportion of endozoochorous stems in forest with 279 
shorter flooding period) can be explained by the higher importance of other 280 
dispersal systems within seasonally flooded forests such as hydrochory, 281 
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which is higher in these forests than in terra firme forests (ANOVA, F= 3.17, p 282 
= 0.039). The negative covariance with the percentage of forest cover can be 283 
explained as an effect of the inclusion of naturally fragmented forests as the 284 
gallery forests of the Orinoco basin. 285 
4. Discussion 286 
In general, our hypotheses are not supported by the analyses: forests 287 
of the Amazon basin do not have the highest AGB stocks, regardless of high 288 
species diversity and a higher proportion of animal dispersed species. The 289 
number of large trees is the most important variable explaining AGB stocks in 290 
our data set. Seasonally flooded forests (várzea) of the Magdalena basin 291 
have the highest numbers of large trees, and thus the highest AGB stocks. 292 
This result is likely explained by high nutrient content in the soils, as shown by 293 
the path analysis, which included soil variables linked with soil fertility (pH and 294 
% clay). The Magdalena river has great sediment loads from the highly fertile 295 
soils of the Andean mountains and these are accumulated in the flood plains 296 
(Junk and Furch, 1993), a condition that favors plant growth (Baribault et al., 297 
2012). 298 
Our hypothesis concerning flooding was only partially supported by 299 
seasonally flooded forests classified as igapó of the Orinoco basin. Igapo 300 
forests have the lowest AGB stocks across all the sites, likely due to a smaller 301 
number of large trees. This result is not surprising, as most of the forests in 302 
the region are riparian or gallery forests of short stature (Correa-Gómez and 303 
Stevenson, 2010; Gónzalez et al., 2016). This result could also be explained 304 
by low nutrient content on the soils, as the soils of the Orinoco basin tend to 305 
be nutrient poor (Junk and Furch, 1993). Due to the environmental stress from 306 
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the flood, we also expected flooded forests to be species poor and to have a 307 
higher proportion of seeds dispersed by water, these predictions were met; 308 
however, those variables do not seem to be related with AGB stocks. 309 
 Our results on AGB stocks seem to be higher than the estimations 310 
calculated previously in the framework of the assessment of AGB stocks for 311 
natural forests in Colombia (Phillips et al., 2016, 2011). We believe this can 312 
be attributed to the fact that we considered palms and lianas as such, for 313 
allometries, while previous studies have used only tree allometries for all 314 
growth forms.  315 
Discriminating between forests types, as we have done, evidences 316 
great differences in the amount of AGB stored in Neotropical forests. In fact, 317 
even within forest types there are still great differences. Nonetheless, there is 318 
a tendency for seasonally flooded forests to behave differently between them: 319 
igapó forests hold less AGB stocks and show less variation than váreza 320 
forests; fragmented and riparian forests tend to hold the smaller amounts of 321 
AGB stocks. This result may be coupled with the differences between 322 
geographical regions (see results), as many of the plots studied in the Orinoco 323 
are found in fragmented (natural and human) landscapes. 324 
Species richness is an important factor in AGB stocks, but only for terra 325 
firme forests. Forests holding high species diversity tend to have high AGB 326 
stocks. However, seasonally flooded forests tend to have lower species 327 
diversity but high AGB stocks. This result stresses the need for differentiated 328 
management of flooded and terra firme, as they are structurally and 329 
ecologically different (Gónzalez et al., 2016; Hawes et al., 2012). 330 
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Biomass and dispersal systems 331 
Endozoochoric and synzoochoric tree species are the most important 332 
dispersal systems in the maintenance of AGB stocks in our study system. The 333 
proportion of endozoochoric species influences the magnitude of AGB stocks: 334 
the greater proportion of endozoochorus species, the greater the AGB stocks 335 
in a forest. This result shows the importance of the conservation of large 336 
mammals and birds for the maintenance of the populations of these tree 337 
species (Bufalo et al., 2016; Peres and van Roosmalen, 2002; Stevenson et 338 
al., 2005). On the other hand, syzoochoric species tend to have denser woods 339 
than species with other dispersal systems. This fact influences the carbon 340 
stocks of Neotropical forests giving importance to the conservation of 341 
medium-sized rodents and other mammals such as large bats. Along with the 342 
conservation of forest cover, these vectors can aid on the maintenance of the 343 
populations of the species they disperse. Although the role of other agents 344 
such as birds, primates, tapirs and bats is well recognized (Howe, 2016), our 345 
data emphasize on the conservation of vectors that move seeds externally 346 
(such as medium sized rodents). To our knowledge, this is the first time that 347 
the relevance of these two zoochorous dispersal systems for carbon stocks is 348 
evaluated at the same time. Our results agree with previous studies which 349 
highlight the need to have conservation efforts to preserve the fauna in the 350 
forests were carbon has become the main conservation tool, because 351 
defaunated forests may, in the long future, reduce the magnitude of their 352 
carbon storage capacity (Bello et al., 2015; Peres et al., 2016). 353 
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Biomass variation with structural and environmental variables 354 
Poorter et al. (2015) reported that AGB in a system of Neotropical 355 
forests, is driven by rainfall, average stem diameter and species richness. We 356 
agree that rainfall may have a direct effect on plant growth, as well as a 357 
positive indirect effect on forest cover and a negative one on soil fertility. 358 
However, evaluating a relationship between AGB and rainfall might be 359 
misleading, as AGB is currently calculated using rainfall estimates (Chave et 360 
al., 2014). And, when AGB is calculated using equations, that implicitly have a 361 
an association environmental characteristics (controlling for forest type, e.g. 362 
Alvarez et al., 2012; Chave et al., 2005), then, a direct relationship with rainfall 363 
and other environmental factors should be expected.  364 
Our model analysis gives a stronger role to soil fertility, here measured 365 
indirectly from pH and % clay, Forest plots with higher fertility harbor higher 366 
number of large trees (DBH>70cm) than low-nutrient plots. Then, soil fertility 367 
tends to be the most determinant factor in AGB content of different tropical 368 
forest types in the Neotropics. 369 
 In our model, in contrast to what was reported by Poorter et al. (2015), 370 
we found that species diversity does not play an important role in determining 371 
AGB stocks. The importance of species diversity is disolved when 372 
environmental varaibles, including seasonally flooded forests, are considered. 373 
However, this does not mean that species diversity is not important, as we 374 
showed in our regression including only terra firme forests, species richness is 375 
very well correlated to AGB stocks.  376 
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We understand the limitations of our path analysis, which was carried 377 
out with information from 25 plots, rather than the 32 of our database, 378 
however, this analysis highlighted the importance of environmental variables 379 
such as forest cover and soil fertility. We also included variables such as 380 
flooding and dispersal systems, which do not seem to influence AGB stocks 381 
but appear to have some importance in the ecology of these forests.  382 
5. Conclusions 383 
We found that AGB stocks in lowland forests of Northwestern South 384 
America depend mainly on the number of large trees present in the forest; this 385 
variable is correlated to soil fertility. Seasonally flooded forests in this region 386 
behave very different than terra firme forests; AGB stocks of the later are 387 
negatively affected by fragmentation and loss of species richness. 388 
Zoochorous tree species are important in the maintenance of AGB stocks in 389 
this system; thus, the populations of seed dispersers should be protected. 390 
Our study complements previous findings, as we are publishing 391 
information from 32 forest plots established Colombia, which has almost 392 
always been a missing point in Neotropical studies.393 
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Tables and Figure Legends 
Table 1: Main dispersal systems and their main morphological traits (from Correa et al. 2015). 
1. Animal 
dispersal 
1.1. 
Endozoochory 
 Diaspores that can be swallowed by frugivores, 
usually associated with fruits with fleshy 
structures (but including also mimetic seeds). 
1.2. 
Synzoochory 
Non-fleshy or fleshy fruits with a seed width 
larger than 2 cm, which are not commonly 
swallowed by large frugivores in the Neotropics, 
but can be transported externally by scatter-
hoarding rodents (Jansen et al., 2012). 
1.3. 
Myrmecochory 
Diaspores with seed width smaller than 3 mm 
and associated fleshy structures (i.e. 
elaiosomes). 
2. Abiotic 
dispersal 
2.1. 
Anemochory 
Diaspores without fleshy structures and with 
structures that allow wind dispersal (e.g. 
expanded wings, kapok or tufts). Very small 
seeds (< 1 mm) released from dehiscent 
capsules, such as dust seeds, are also included 
here.  
2.2. Hydrochory 
Diaspores without fleshy structures, without the 
characteristics that allow dispersal by wind and 
with floating abilities. 
3. Other types 
3.1 Explosive 
dehiscence 
Non-fleshy fruits that release seeds by explosive 
dehiscence. 
3.2 Unassisted 
Diaspores that did not show any of the previous 
combinations of characters or any reported 
dispersal mode 
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Table 2: Detail of the equations and the sources of AGB estimation equations used in this 
study, discriminated by life form. 
Woody life 
form 
Percentage of individuals 
within our database 
Source of the AGB 
equation used 
 Equation used 
Trees 90% Alvarez et al. (2012)  
ln(AGB) = -2.261 + 0.933 
ln (D2 H r) 
Palms 7% 
Goodman et al. 
(2013) 
 
8 genus level equations 
1 family level equation 
Lianas 1.5% 
Schnitzer et al. 
(2006) 
 
AGB = exp[−1.484+2.657 
ln(D)] 
Guadua 1.5% Quiroga et al. (2013)  AGB = 2.66 D0,98 
 
Table 3: Summary of the results of AGB stocks, species richness, number of large trees, 
forest cover and flooding average per hectare for the regions and forest types included in this 
study, based on information from thirty-two 1ha vegetation plots. All variables are presented 
as average; standard deviation is shown in parenthesis. 
Basin Bosque 
Number 
of plots 
Average 
AGB 
(Mg/ha) 
Average 
Number of 
Species 
Average 
Number of 
Large trees 
Average 
Forest 
Cover 
Average 
Flooding 
index 
Amazon 
Igapo 2 261.71 (23.36) 122 (16.97) 16 (2.82) 1 8.25 (0.35) 
Terra firme 4 292.52 (53.66) 214.25 (33.68) 17.25 (6.65) 1 0 
Magdalena 
Terra firme 8 269.9 (57.52) 165.5 (18.08) 18.5 (6.60) 0.64 (0.25) 0 
Terra firme 
fragmented 
3 182.69 (46.94) 88.33 (9.60) 5.33 (1.15) 0.35 (0.02) 0 
 33 
Varzea 2 405.84 (83.16) 61.5 (3.53) 39.5 (0.70) 0.47 (0.01) 2.75 (2.47) 
Orinoco 
Igapo 3 198.52 (14.19) 37.3 (8.50) 2.66 (1.15) 0.34 (0.10) 8.66 (1.04) 
Terra firme 6 189.63 (49.03) 135.66 (25.88) 10 (5.58) 0.91 (0.21) 0 
Terra firme 
fragmented 
5 145.66 (27.15) 68.6 (10.47) 3.4 (2.60) 0.24 (0.06) 0 
Varzea 2 208.54 (69.90) 44 (27.87) 19.33 (11.59) 0.8 (0.33) 2.66 (3.40) 
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Fig.1. Map showing the location of the 32 (1-ha) vegetation plots established in 
Colombia. Black squares represent sites were terra firme plots were established, 3-4 plots 
per square; downward facing black triangles represent sites were várzea plots were 
established, 1-2 plots per triangle; upward facing black triangles represent sites were igapó 
plots were established, 1-2 plots per triangle. Three major river basins in the region are 
delimited (black) as well as the political borders of Colombia (gray). Different forest types are 
shown in green colors; seasonally flooded forests are shown in light blue, the land cover 
distribution and conventions were adapted from the map of vegetation structures in Colombia 
(Quiñones et al., 2015). 
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Fig.2.  Scatterplot showing the variation in AGB between and within forest types in 
Northern South America. Variation was estimated from 32 (1-ha) vegetation plots (ANOVA, 
F= 3.86, p<0.05). The thick line represents the median of the group and the thin lines 
represent the quartiles. Letters above the points represent the groups estimated with a post 
hoc HSD test. Red dots in the igapó category represent forest plots where forest cover 
estimates around the plot were lower than 0.4 and thus should also be considered as 
“fragmented”, however, these are located in a landscape of the Orinoco basin were forests 
are naturally fragmented (gallery forests).		 	
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Fig.3. Relationship between above ground biomass stocks and the number of trees 
with DBH greater than 70 cm, for each of the 32 (1-ha) vegetation plots. Symbol size 
represents species richness (number of species/stem ratio) for each plot. The black line 
represents the fit of the data which was estimated as 0.879.  
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Fig.4. Plot of the correlation between species richness and AGB. This figure shows the 
relationship for all the 32 plots (rp = 0.34, t= 1.94, p>0.05).		 	
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Fig.5. Scatterplots showing the distribution of wood specific gravity values (left) and 
the distribution of tree DBH (right) for different dispersal systems of Neotropical woody 
species. Wood density values and DBH measurements were extracted from trees of which 
we knew the species, and we could assign them to the different dispersal systems in our 
database of 32 (1-ha) vegetation plots in lowland forests of Northern South America. The 
thick lines represent the median of the groups and the thin lines represent the quartiles. 
Letters above the dots represent the groups estimated with post hoc HSD tests.  
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Fig. 6. Path analysis showing the relationship between AGB and structural and 
ecological variables for 25 (1-ha) vegetation plots in seasonally flooded (8) and terra 
firme (17) forests in Colombia. Arrow size is proportional to the magnitude of the 
relationship, which is expressed to the right of each arrow, significance of the regressions and 
covariance are: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.'. Single head arrows represent regressions and 
double headed arrows represent covariance. Abbreviations of variables are: Flood (estimated 
value of flood index based on flood intensity and frequency, see methods), % End (% of 
endozoochoric individuals in each plot), % Syn (% of Synzoochoric individuals in each plot), 
Stem70 (number of large trees in each plot), Stems (total number of stems in each plot), spp 
(species richness for each plot), WD (Community Weighted Mean of Wood Specific Gravity 
for each plot), AGB (estimated total Above Ground Biomass stock for each plot in Mg per 
hectare). 
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6. Appendices 
Table A.1. Detailed information on forest type, region and proportion of stems belonging to different dispersal systems in 32 (1-ha) lowland 
forests of Northern South America. 
Plot_Code Forest Type Region 
% 
Anemochory 
% 
Endozoochory 
% 
Explosive 
Dehiscence 
% 
Hydrochory 
% 
Myrmechochory 
% 
Synzoochory 
% 
Unassisted 
CAPA_PI_1 Igapo Amazon 22.7 32.6 6.9 18.5 0.0 19.1 0.2 
CAPA_PI_2 Igapo Amazon 7.6 36.7 8.9 15.3 0.0 31.6 0.0 
CASA_PII_2 Igapo Orinoco 2.8 69.7 7.0 2.3 0.7 17.5 0.0 
TOMO_PI_4 Igapo Orinoco 5.5 73.3 7.5 2.2 0.2 11.4 0.0 
TOMO_PI_5 Igapo Orinoco 6.0 66.8 12.0 2.5 3.5 9.3 0.0 
CAPA_TFC_1 TerraFirme Amazon 3.9 54.6 21.1 2.2 2.6 15.6 0.0 
CAPA_TFC_2 TerraFirme Amazon 17.5 62.1 7.8 9.7 0.0 2.9 0.0 
CAPA_TFT_1 TerraFirme Amazon 0.2 38.9 55.6 4.4 0.0 0.9 0.0 
CAPA_TFT_2 TerraFirme Amazon 13.0 75.1 1.3 0.0 0.0 10.6 0.0 
QUIN_TF_1 TerraFirme Magdalen
a 
9.3 74.0 1.6 0.5 0.7 13.3 0.5 
QUIN_TF_3 TerraFirme Magdalen
a 
8.6 76.2 1.7 1.0 0.0 12.5 0.0 
QUIN_TF_4 TerraFirme Magdalen 11.6 77.1 1.5 0.0 0.2 9.7 0.0 
 41 
a 
QUIN_TF_5 TerraFirme Magdalen
a 
13.4 78.5 3.9 1.3 0.0 2.9 0.0 
SAMA_TF_3 TerraFirme Orinoco 23.9 67.3 0.0 0.9 0.0 8.0 0.0 
TINI_TF_1 TerraFirme Orinoco 7.7 72.6 5.8 9.1 0.0 4.8 0.0 
TINI_TF_3 TerraFirme Orinoco 2.5 63.2 2.0 26.9 0.0 5.5 0.0 
TINI_TF_4 TerraFirme Orinoco 7.6 58.4 16.6 10.5 0.2 6.6 0.0 
TINI_TF_6 TerraFirme Orinoco 5.1 94.5 0.0 0.0 0.0 0.4 0.0 
TINI_TF_7 TerraFirme Orinoco 8.2 91.7 0.0 0.0 0.0 0.2 0.0 
SAJU_TF_3 TerraFirme_Fra
g 
Magdalen
a 
9.7 87.9 0.2 0.0 0.0 2.2 0.0 
SAJU_TF_4 TerraFirme_Fra
g 
Magdalen
a 
36.0 61.0 0.0 2.8 0.0 0.3 0.0 
SAJU_TF_5 TerraFirme_Fra
g 
Magdalen
a 
6.7 84.1 0.7 0.4 0.0 6.3 1.8 
SAMA_TF_1 TerraFirme_Fra
g 
Orinoco 3.3 91.7 0.3 0.0 0.0 4.7 0.0 
SAMA_TF_2 TerraFirme_Fra
g 
Orinoco 8.4 61.1 0.5 0.3 0.0 4.1 25.6 
TOMO_TF_1 TerraFirme_Fra
g 
Orinoco 5.9 87.8 2.8 0.0 0.0 3.5 0.0 
TOMO_TF_2 TerraFirme_Fra Orinoco 4.6 80.1 10.6 1.0 0.0 3.7 0.0 
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g 
TOMO_TF_3 TerraFirme_Fra
g 
Orinoco 3.9 78.5 1.9 0.4 0.3 5.7 9.3 
CASA_PIV_1 Varzea Orinoco 22.1 52.2 18.3 1.2 0.0 6.2 0.0 
SAJU_PI_1 Varzea Magdalen
a 
12.9 56.8 21.6 1.3 0.0 7.5 0.0 
SAJU_PI_2 Varzea Magdalen
a 
25.2 62.7 0.2 0.0 1.2 10.6 0.0 
TINI_PI_2 Varzea Orinoco 11.3 69.5 1.5 0.0 2.7 15.0 0.0 
TINI_PI_5 Varzea Orinoco 7.1 77.3 2.4 0.0 3.3 9.9 0.0 
 
